The Turkey oak (Quercus cerris L.), the natural range of which embraces southern Europe and Asia Minor, belongs to trees rarely introduced into Polish forests. Tree stands where it appears, established before the Second World War, can be found in some 20 localities, mostly in the western part of the country. Because this species is capable of a natural renewal in a woodland environment, a research was made to find in what conditions and how far it undergoes spontaneous naturalisation. Three study sites were chosen in the forests of central Wielkopolska. An inventory was made of mature stands of the Turkey oak and its generative renewal. Plant communities in which the young generation of Q. cerris usually appears were characterised. It was found that self-sown seedlings of this species grew at a distance of up to 2,500 m from parent trees. The highest number and the greatest density of specimens of the secondary generation of the Turkey oak were found at 'Racot', which is a 100-hectare, mid-field woodland island where mesotrophic habitats predominate and where about 50% of the area is occupied by communities with manmade pine tree stands. At all sites, Q. cerris penetrates primarily this type of deformed phytocoenoses, developing mostly on former farmland. It has become a permanent component of the underbrush and undergrowth in them, and in some places, it also makes up the tree layer. It was observed that in the study area, it penetrated the woodland environment much more effectively than Quercus rubra, considered an invasive species. The expansion of the Turkey oak in several of the examined localities can be regarded as a basic manifestation of its naturalisation in places where there are phytocoenoses with pine stands in broad-leaf forest habitats in the neighbourhood of parent trees.
INTRODUCTION
The Turkey oak (Quercus cerris L.) is an important forest tree in the countries of southern Europe and Asia Minor, where it occurs in a natural state: from southern France, through Italy, Switzerland, Austria, the Balkan Peninsula, to Lebanon (Meusel et al. 1965; Browicz 1982; Menitski 1984; Bozano and Turok 2003) . Outside its natural range, it is mostly cultivated as a fast-growing ornamental tree with modest soil requirements and a strong resistance to drought. In a few regions, especially in north-western France and southern Great Britain, it has been found in spontaneously developed secondary plant communities (Jalas and Suominen 1976; Preston et al. 2002) . Attempts at an introduction of the Turkey oak to Polish forests for productive purposes have failed. The introduction was probably only intended to test the acclimatisation properties of the species, rather than its use at an economic scale because no research was made on the growth dynamics and productivity of the trees. Possibly, even preliminary observations of the frost damage of its tree trunks caused the range of the experimental cultivation of the Turkey oak in forests to be restricted . Only fragments of tree stands containing this species have survived until today, mostly those established before the Second World War and usually on the land formerly belonging to the Prussian sector of divided Poland. Even so, it merits interest as one of the plants permanently established in Poland, and at a local scale, it may prove to be an invasive species requiring the control of its population dynamics in the wild (Danielewicz and Maliński 2003; Tokarska-Guzik et al. 2012) . A summary of basic information about the 22 localities of the Turkey oak in Polish forests can be found in . Those authors observed symptoms of its spontaneous regeneration from seeds in almost all places where this species was represented in a mature tree stand by a dozen or more trees. However, it was not everywhere that further development of selfsown seedlings of Q. cerris and its penetration into forest communities was recorded.
The research reported in this paper was intended to find in what conditions the naturalisation of the Turkey oak took place in the woodland environment of selected sites in Poland, and how advanced is this process. The aim of the research was to document symptoms of this process, determined on the basic of properties in the local, secondary population of Q. cerris, such as the spatial range of spontaneous proliferation, abundance, density, and diversity of the size of individuals, which are formed by natural, generative regeneration, as well as a part of this tree in the structure and floristic composition of plant communities in which it occurs most frequently.
MATERIAL AND METHODS

Study sites
Out of the 22 localities of the Turkey oak found in Polish forests , 3 sites were chosen for study, in which this species was observed to display the greatest ability for spontaneous dispersal away from places where seed-bearing trees grow. They all lie in central Wielkopolska (Fig. 1) , from 20 to 47 km in a straight line from the region's capital, the city of Poznań. They were designated by the names of the forest districts where they are situated. Site 1: 'Racot' in the Kościan Forest Inspectorate. The meso-region of the Leszno Upland. A small woodland area of 105 ha, surrounded by agricultural land. . The highest proportion of the woodland area is occupied by fertile and moderately fertile habitats: a fresh deciduous forest (Lśw), 50%, and a mixed fresh forest (LMśw), 36% (according to the classification of forest habitats (forest site type), used by the Polish foresters (Kliczkowska et al. 2004) 
Structure of the thickness of the oldest stands of the Turkey oak
Measurements of tree thickness were taken in 2015 in the oldest stands of Q. cerris in the case of which there was no doubt that they had been planted. It was only at 'Promno' that such measurements were also performed many years earlier, in 1967 (Juwa 1968) , hence only in this case was it possible to present the structure of the stand in the period preceding the substantial decline in the number of the trees. Because of the scattering of the oldest planted Turkey oaks over a few places at 'Czempiń', the structure of the tree stand with this species at this site is not presented in the article.
Distribution and structure of the natural regeneration of the Turkey oak
This part of the study was conducted at 'Racot' and 'Promno' . No such work was carried out at 'Czempiń' because of the concentration of the undoubtedly spontaneous regeneration of the Turkey oak in only one place at a distance from the parent tree stand. Besides, the origin of trees of this species in a few sapling stands in this area is not clear. They may have been planted together with native oaks, although it is possible that they have appeared there spontaneously.
The search for the natural regeneration of Quercus cerris embraced all areas with old-growth stands of this species as well as forests situated in their neighbourhood. No study was made of the regeneration of the Turkey oak outside forests, for example, at roadsides and on railway embankments. The position of each specimen coming from a self-sown seedling was determined in terms of geographical coordinates using Trimble Juno 3B GPS equipment. At 'Racot', where there is a mature stand of Q. rubra, young specimens of this species were also recorded. Because of changes that have recently occurred as a result of forest husbandry in division 198f (tree cutting and artificial forest regeneration) at the 'Racot' site, use was made of materials collected in 2006.
Measurements were made of the height of the oaks forming a natural regeneration (with the exception of one-year-old seedlings) and their diameters at an altitude of 1.3 m, if greater than 5 cm.
Plant communities with the Turkey oak
At all sites accordance with the methods used in phytosociology, relevés were made in places with mature tree stands containing the Turkey oak (15 relevés) and in communities where this species had appeared spontaneously and now covers at least 5-25% of the area (24 relevés). Also, in this case, relevés in division 198f come from the year 2006 for the reason explained earlier.
RESULTS
Thickness structure of the oldest stands with the Turkey oak
It can be assumed that the only source of seeds through which the Turkey oak could disperse over the study area was tree stands containing this species established at the end of the 19th and the beginning of the 20th centuries that attained generative maturity some 50-60 years ago. At each site, there is one such stand outside of which not even single trees planted at that time were found. The probability that they grew in other places, but were overlooked, or that they had been cut down before the research began, is very low. In 1967, there were 269 introduced Turkey oaks at 'Promno', which means that more than 200 trees had disappeared over the nearly 50 years since then. Because there are no detailed data on how this number kept declining, one can only suppose that the reduction was mostly due to tending cuts, which is reflected in the distribution of breast-high diameters characteristic of managed tree stands ( Fig. 2A) . In the mixed stand of Quercus cerris and Q. roburat 'Racot', the range of tree thickness is greater and the distribution closer to normal (Fig. 2B) , which may be connected with tending cuts being less intensive here. At both sites, however, the Turkey oak stands established over 100 years ago have gone through all development stages and attained generative maturity at least a few decades ago.
Distribution and structure of the natural regeneration of the Turkey oak
The most exuberant natural regeneration of the Turkey oak was recorded at 'Racot', with 1,516 specimens from self-sown seedlings growing at a distance from Figure 3 . Distribution of localities of the Turkey oak at 'Racot' forest: 1 -Pinus sylvestris stands, 2 -Quercus robur or Q. petraea stands, 3 -other broad-leaf stands, 4 -non-forest environment, 5 -roads, 6 -forest subsection boundaries, 7 -oldest Q. cerris stands, 8 -young plantation of Q. cerris, 9 -natural regeneration of Q. cerris, 10 -natural regeneration of Q. rubra the parent tree stand. They can mostly be found in the north-eastern parts of divisions 198 and 200, fragments of division 199 near the old Q. cerris trees, and the part of division 197 farthest from them ( Fig. 3 ). In the young natural regeneration and undergrowth, a much rarer species is Q. rubra (108 specimens), the distribution of which is presented in Figure 2 , which indicates that it plays a decidedly lesser role than Q. cerris in the penetration of the woodland environment at this site. It occurs most frequently in the places of exuberant regeneration of the Turkey oak (divisions: 198f, 200b) .
The maximum distance between the parent stand of Q. cerris and specimens of its natural regeneration at 'Racot' is 1,468 m, close to the border of the woodland area. At 'Promno', where the regeneration is much less exuberant (102 specimens) and located much farther from the old trees, the distance extends to 2,460 m (Fig. 4) . A common feature in the distribution of the secondary localities of Q. cerris that can be observed on the maps of those two sites ( Fig. 3 and 4) is that most of them are located in forests with pine tree stands ('Racot') or exclusively in such forests ('Promno').
The highest density of the natural regeneration of the Turkey oak at 'Racot' is almost 100 specimens/ha in division 200b (fresh mixed coniferous forest [BMśw], a pine tree stand aged 87), located in the close vicinity of an old-growth stand of this species (Tab. 1). There were 50 (3%) Q. cerris specimens lower than 1 m at this site and 757 (50%) specimens with a breast-high diameter of under 5 cm ( Fig. 5 and 6 ). The lowest Turkey oaks coming from natural regeneration grow farthest away from the parent stand (division 197), and in division 201, where their number is the smallest. In divisions 198 and 200, where the number and density of the secondary generation of the oak are the highest, 70% and 79% trees, respectively, were part of the undergrowth, in some cases of the young natural regeneration, and the rest, 30% and 21%, reached the lower tree layer. With a lower natural regeneration rate in division 199, the proportion of specimens in the tree layer is much higher, at 74%. At 'Promno', the predominant height of Q. cerris is 1-5 m (86%), with only 9 trees (8%) higher than 5 m. Table 1 . Number of Turkey oak specimens from natural regeneration per ha at "Racot" 201 a, c-f
The spatial differences in the size of Turkey oaks from natural regeneration at 'Racot' are also reflected in the distribution of their thickness (Fig. 6 ). In four divisions : 197, 198, 200, and 201 , the highest proportion is that of oaks with a breast-high diameter of under 5 cm (including those that have not attained the height of 1.3 m): 52%, 68%, 50%, and 56%, respectively. Their proportion in division 199 is the smallest, at 23%. Apart from division 201, where there are only 18 young specimens, the most numerous are trees 5-9 cm thick, but in division 199, their proportion in the number of all trees with a breast-high diameter of 5 cm and more amounts to 45%, markedly lower than in the other divisions (197 -73%, 198 -63%, and 200 -60%) . At 'Promno' as a whole, Turkey oaks with the smallest thickness values predominate.
Communities with the Turkey oak
At all the study sites, phytocoenoses with the old growth of the Turkey oak occurred in areas where the potential association in fresh deciduous forest habitats is the Central-European oak-hornbeam forest Galio sylvatici-Carpinetum, but the actual vegetation is dominated by communities deformed by forest husbandry. Also, the phytocoenoses under study differ considerably from the natural oak-hornbeam communities in terms of structure and floristic composition (Tab. 2). Tree stands are usually oak monocultures developed in accordance with the principles of forest cultivation. It is only at 'Promno' that Carpinus betulus and Fagus sylvatica are an admixture. The proportion of forest ground-layer plants typical of fertile and moderately fertile broad-leaf forests is small. What distinguished the 'Promno' and 'Czempiń' phytocoenoses is only a slightly greater proportion of species characteristic of the class QuercoFagetea. A symptom of the advanced degeneration of the examined communities with the Turkey oak is a substantial representation of the class Artemisietea, and at 'Racot', a markedly higher contribution of species of the class Epilobietea. In many places of this site, Rubus sp. forms lush clusters; hence, a high proportion of forest phytocoenoses show Figure 5. Differences in the height of the Turkey oak from natural regeneration at 'Racot' (R) and 'Promno' (P), number of forest sub-compartment signs of so-called rubietisation, one of the six forms of forest communities degeneration distinguished by Olaczek (1972 Olaczek ( ,1974 , involving mass development of those plants. What is characteristic here is a more frequent occurrence of Q. cerris in the undergrowth and in the herbal layer. The Turkey oak coming from natural regeneration, covering no less than 2% of the area in the shrub layer, was usually found in substitute communities with pine tree stands in habitats of the mixed fresh forest type corresponding in the potential vegetation of central Wielkopolska to poor forms of oak-hornbeam forests or acidophilous oak forests (Tab. 3). Only in one place at 'Racot', the tree layer consisted of Betula pendula, and in two, the habitat was a fresh mixed coniferous forest. The age of tree stands at the time the relevés were made ranged from 59 to 87 years, which means that they reached the stage of a maturing or mature tree stand. They usually had a small proportion of additional species and a single layer. The most stable components of the shrub layer, apart from the Turkey oak, were Sorbus aucuparia, Quercus robur (at 'Promno' also Q. petraea) and Frangula alnus, and sometimes also Prunus serotina. The most popular species in the ground layer was Pleurozium schreberi accompanied, but only at 'Promno', by two other species characteristic of the class VaccinioPiceetea. An insignificant role was played by species diagnostic for other forest communities from the classes Quercetea roboripetraeae and QuercoFagetea. Popular components of those phytocoenoses were plants representing the class of clearing communities, Epilobietea angustifolii, like Calamagrostis epigejos and various species of the genus Rubus, as well as Agrostis capillaris from the class Calluno-Ulicetea and Rumex acetosella from the class Koelerio-Ulicetea. In the group of accompanying species, the most important were the ferns Dryopteris carthusiana and D. dilatata. 
DISCUSSION
In the literature on the naturalisation of alien oaks in central Europe, most attention has so far been paid to the establishment and dispersal of Quercus rubra (Vor 2005; Straigyté and Žalkauskas 2012; Chmura 2013 Chmura , 2014 Gazda 2013; Major et al. 2013; Woziwoda et al. 2013 Woziwoda et al. , 2014 Myczko et al. 2014; Dyderski 2015) . This is due to the fact that in many regions, this has been the broad-leaf tree of alien origin cultivated most frequently, and its capacity for spontaneous reproduction and expansion in forests has long been known. Although the dynamic tendencies of Q. rubra have been an object of study in a variety of environmental conditions and over large areas, to this day, its capacity for a spontaneous penetration of plant communities has not been satisfactorily explained (Woziwoda et al. 2013 (Woziwoda et al. , 2014 Danielewicz and Wiatrowska 2014) . Because of its little significance for forestry and the small introduction range, the Turkey oak has not been such an attractive research object. This paper presents several pieces of evidence showing Q. cerris to have a greater invasive potential, at the scale of a few sites, which suggests that the penetration of the woodland environment by this species could be wider if its cultivation was more widespread.
As has been demonstrated, the most probable sources of seeds for the dispersal of the Turkey oak are individual, small tree stands established more than 100 years ago in habitats suitable for the cultivation of native oak species. At 'Racot', the distance separating the parent trees from the farthest localities of their young generation is almost 1.5 km. This is the distance over which acorns of Quercus robur and Q. petraea are carried by jays (Ouden et al. 2005) . But, an intriguing question is whether the young Turkey oaks at 'Promno' found that some 2.5 km from old trees of this species can be proof of a greater distance over which its acorns are dispersed via zoochory. Among interesting issues connected with this is the chronology of Q. cerris entering new localities. Is it a gradual and steady process, or rather one intensive in only some periods when acorns develop most abundantly? And, how does it affect the fruiting of the other oak species growing in the same area, but producing fruits at a different time? Answers to those and similar questions can be supplied by detailed studies of the age structure of the natural regeneration and biology of the Turkey oak in secondary localities and the role of zoochory in its dispersal.
An analysis of the size characteristics of the Turkey oak specimens from self-sown seedlings in the study area makes it possible to state that this species is not only established, but locally meets all the criteria by which it should be classified as belonging to the group of neophytes or species attaining the stage of naturalisation (cf. Faliński 1968 Faliński , 1969 Richardson et al. 2000; Pyšek et al. 2004; Tokarska-Guzik 2012) . Such plants are capable of regular (rather than sporadic) reproduction and of producing permanent secondary generations the existence of which does not depend on direct human activity.
CONCLUSIONS
Quercus cerrisis capable of a natural renewal in a woodland environment in Poland. In the light of the various definitions concerning the synanthropisation of the plant cover, it can be problematic to regard the Turkey oak as an invasive plant in forests. While it penetrates forest communities spontaneously and has a stable position in the undergrowth or even lower tree layers in them, those phytocoenoses greatly depart from the permanent natural communities in terms of structure and floristic composition. The dispersal of Q. cerris in them is similar to that of other oaks species, often renewing under the canopy of pine tree stands (Mosandl and Kleinert 1998; Pigan and Pigan 1999; Gómez 2003; Sokołowski and Paluch 2003; Gniot 2007) . In many cases, this reflects the regeneration of forest communities in which native plants can be accompanied by alien species. If we assume, following Sukopp's (1962) conception, that a neophyte appearing in such 'unsaturated' phytocoenoses does not push out native species, and the proportion of the Turkey oak to the already present community components, according to Faliński's (1968) criteria, can be called compensatory, at least for the time being, then classifying it as an invasive plant is disputable in terms of definitions emphasising the threat to biological diversity posed by such plants. However, if we were to use the criterion of the rate of dispersal of alien species -over a distance longer than 100 m in a period shorter than 50 years (Richardson et al. 2000) , then Q. cerris would have the status of an invasive plant.
